Primordial germ cell (PGC) development in the zebra®sh is poorly understood. The expression of vasa RNA, the only molecular marker so far found to be expressed in ®sh PGCs, suggests its function in the establishment of the germline. The protein product of vasa is present throughout the life cycle in the germline of Drosophila, Caenorhabditis and Xenopus. The expression pattern of the Vasa protein in zebra®sh, is still unresolved. We generated an anti-Vasa polyclonal antibody and show that it is maternally expressed initially throughout the embryo. Interestingly, from the two-cell-to the 1000-cell stage the protein is highly concentrated in two`dots' near the center of the blastomeres and as such remains longest detectable in the animal pole blastomeres. The ®rst distinct cell-speci®c expression occurs at 60% epiboly on one side of the blastoderm margin. The Vasa protein in the PGCs is organized in a subcellular granular-like conformation which is dynamic throughout development. q
Results
Western blot revealed the presence of Vasa protein in ovary and testis and throughout development ( Fig. 1A ; Braat et al., 1999b) . The protein was detected in both the yolk compartment and the blastomeres of the early embryos (Fig. 1B) . The level of Vasa protein in the embryo decreased dramatically between the 14-somite stage and 24 hours past fertilization (hpf) (Fig. 1A ). This decrease is probably due to the decay of the maternal Vasa protein so that from this stage mainly the contribution from the zygotic Vasa protein was detected.
Confocal analysis of expression of Vasa protein in whole mounts, showed its presence as a diffuse signal in all blastomeres. Interestingly, the protein was highly concentrated in two`dots' near the center of each blastomere, reminiscent of centrosomes (Fig. 2A±Q ). This typical localization was ®rst observed in the uncleaved zygote ( Fig. 2C) although here, the two`dots' appeared to be connected. This labeling was not observed in all uncleaved embryos ( Fig. 2A) , which may relate to differences in cell cycle. The dot-like concentration was observed until the 250-cell stage in all blastomeres ( Fig. 2C±M) , whereas at the 1000-cell stage (Fig.  2N) , it was only detectable in the animal pole blastomeres where it is longest maintained (Fig. 2P,Q) . Although the signi®cance of differential labeling between the blastomeres is unclear, it may have to do with their gradual loss of pluripotency. In planarians, the totipotent somatic stem cells, the`neoblasts', express a Vasa-related protein which disappears in differentiated cells after regeneration (Shibata et al., 1999 Distinct cell-speci®c Vasa protein labeling was observed, for the ®rst time, at 60% epiboly in the shield region of the embryo (Fig. 2R±T) . Transplantation experiments performed by Oppenheimer (1938) in the Teleost Fundulus, showed that only shield regions could give rise to germ cells when transplanted to extraembryonic locations. Since Vasa antibodypositive cells reside in the shield of zebra®sh, whereas vasa mRNA-positive cells at this stage are distributed randomly around the blastoderm margin (Yoon et al., 1997; Braat et al., 1999a) , it may be that only the vasa RNA containing cells, which translocate through the shield are able to express the Vasa protein and that threshold levels of Vasa protein are required for these cells to be speci®ed as PGCs. At the 5-somite stage the labeled cells were halfway and on both sides of the antero-posterior axis (Fig. 2U±X) . At 24 hpf Vasa protein was detected in the PGCs (Fig. 3A,C,D) at the level of the yolk ball/tube boundary. At 2 days past fertilization (dpf) the cells were located at positions corresponding to morphologically identi®ed and vasa RNA expressing PGCs (Fig. 3E,F) (Yoon et al., 1997; Braat et al., 1999a) . At 4 dpf, labeled cells were aligned dorsal and lateral to the gut and lateral and posterior to the swimbladder (Fig. 3G,H) . The position of the Vasa protein positive cells in the embryo and their large size, is identical to vasa RNA expressing cells and to the PGCs that have been morphologically identi®ed (Braat et al., 1999a) , con®rming their PGC identity.
Confocal analysis of the subcellular distribution of Vasa protein revealed that it was organized as granules in the cytoplasm of the PGCs (Figs. 2U, 3B and 4A±D ). This subcellular localization, that resembles that of the Vasa protein in polar granules of Drosophila pole cells (Hay et al., 1988a,b; Lasko and Ashburner, 1988; Liang et al., 1994) , changed with larger and fewer`granules' at earlier stages (Fig. 4A,B) to smaller but numerous`granules' at later stages (Fig. 4C,D) . In both medaka and Xenopus PGCs, the appearance of the nuage also changes during development (Gamo, 1961; Ikenishi and Kotani, 1975; Hamaguchi, 1985) . The dynamics of organization of Vasa protein in zebra®sh PGCs could mirror similar changes in the organization of nuage. Detailed ultrastructural analysis of nuage in relation to Vasa protein organization is needed to con®rm our observations.
Methods

Antibody preparation
Antibodies were raised in a rabbit against a fusion protein composed of glutathion-S-transferase fused to amino acids 470±590 (SAT-ARG) (Yoon et al., 1997) of zebra®sh Vasa.
Western blot analysis
Embryos were homogenized in Laemmli buffer, resolved on SDS-PAGE and immunoblotted with rabbit anti-Vasa antibody (1:1000), incubated with anti-rabbit-HRPO (horseradish peroxidase) conjugate and developed using ECL (Pharmacia).
Whole-mount immunocytochemistry
Embryos were ®xed in 4% paraformaldehyde overnight at 48C, washed four times 15 min each in PBST (PBS containing 1% Tween-20) and blocked overnight in block buffer (PBST containing 10% heat inactivated sheep serum and 0.5% blocking reagent (Boehringer)) at 48C. Anti-Vasa antibody was diluted in block buffer (1:250) and preabsorbed overnight at 48C against aceton powder of adult ®sh from which the gonads had been removed. Block buffer was discarded and the antibody was added and incubated overnight at 48C. After washing (ten times 10 min at room temperature in PBTW), the embryos were incubated in anti-rabbit-Cy3 (1:250 in block buffer) overnight at 48C. After washing in PBTW, the¯uorescent labeled embryos were cleared in Murray's and analyzed on a Leica confocal microscope.
Note added in proof
Knaut et al. have used an antibody to identify Vasa protein in zebra®sh (J. Cell Biol. 149, 875±888). 
